Coarse particles are primarily deposited via sedimentation, commonly referred as dust fall (DF). This study presented the monthly and spatial variations of atmospheric DF and their elemental components (Al, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Se, Sr, Ti, V, Si, and Hg). Dust samples were collected from four urban and suburban sampling sites around Tabriz, Iran, by using the ASTM method D-1739 during April to September 2017. Moreover, the ICP-OES was used to determine metal components of the DF. The obtained results showed that the DF amount ranged between 1.8-27.6 (7.4 ± 5.6) g/m 2 .month. The elements of Fe (11863-13,906 mg/Kg and 85%-89%), Al (858-1205 mg/Kg and 4%-8%), and Si (274-386 mg/Kg) were the dominant elemental concentrations of the DF. The average value of enrichment factor (EF) for Hg, Pb, Cu, Sr, Co, Ni, Mn, and V was greater than 10 in all the samples, showing that anthropogenic sources emit a considerable amount of elements in DF rather than the soil or Urmia lake bed. The result of correlations between the concentration of dust fall with humidity, temperature, wind speed, and precipitation showed that there was a direct relationship between the amount of dust fall and wind speed while humidity, precipitation, and temperature were inversely proportional to the amount of dust fall. This study revealed that earth crust and anthropogenic activities such as vehicle traffic, combustion of fossil fuel, and different industrial activities were the main sources of the DF in the studied areas.
Introduction
Environmental pollution is a major problem that affects ecosystems and human health worldwide by contaminating ambient air, soil, and water. Air pollution can be more important due to the direct effect on the environment and human health [1] . On the other hand, chemical reactions between air pollutants and other atmospheric components result in the deposition of pollutants and their derivatives on the surface of the earth [2] . Atmospheric dust or dust fall (DF) is one of the serious environmental hazards, which can cause environmental pollution and affect global geochemical cycles, ecosystems, atmospheric radiation transfer, and human health [3, 4] . Coarse particles, having an aerodynamic diameter between 2.5 and 10 μm, are primarily deposited via sedimentation, commonly referred as the DF [5, 6] . Some studies cleared that the deposition rate of the DF is affected by factors such as dust concentration in the ambient atmosphere, energy of winds, and characteristics of depositional environment. Moreover, type of emission sources as well as their distance, location of sampling sites, and certain meteorological conditions are some of the other factors involved [7] .
In addition to the ambient air quality effects, the DF can influence human health with diseases such as tonsillitis, allergy, asthma, and eye irritation [8] . The DF has a broad range of chemical species including elemental, organic, and inorganic components. Among elemental components are heavy metals associated with the DF from a variety of natural and anthropogenic emission sources such as vehicular traffic, residential fossil fuel burning, industrial emissions, construction operations and non-ferrous metal production. For instance, fossil fuel combustion is the primary anthropogenic emission source of Co, Hg, Mn, Se, Ni, Cu, Sb, Zn, and V. Moreover, some quantities of Zn, Pb, Ni, Cu, and Cd are imparted from vehicular exhausts [9] . In addition, anthropogenic emissions of toxic trace metals have been reported to dominate natural processes such as local soils, weathered materials, and crustal minerals [10] .
To improve air quality, it is necessary to differentiate various sources of the DF. The enrichment factor (EF) method proposed by Zoller et al. (1974) has been widely used as the first step to evaluate the potential strength of pollution emitting sources [9, 11] . To apportion the sources of aerosols, a factor analysis is usually required. The method has been used successfully by numerous researchers [10] .
Heavy metals are among the major components of the DF with adverse effects on human health and ecological quality, which might enter the human body through ingestion, inhalation or physical contact [12] . Most heavy metals can be harmful to human health even at low concentrations due to the formation of complex compounds within the cell [13, 14] . For example, lead may cause brain damage, kidney injury, seizures, and anemia [15, 16] . Therefore, the study of the DF amount as well as composition, distribution, and sources of heavy metals is important from the aspects of air pollution and health effect. Knowledge of temporal and spatial variability of the deposition rate of the DF provides a useful framework for evaluating dust characteristics in any given area [7] .
The aims of this study were (1) to investigate the spatial and temporal variation of dust deposition rates at the selected sampling sites at urban and suburban regions; (2) to determine the monthly and spatial variability in the concentrations of the heavy metals (Al, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Se, Sr, Ti, V, Si, and Hg) associated with the DF; and (3) to identify the likely natural or anthropogenic sources of heavy metals in the DF.
Material and methods
The studied area and sampling schedule Four sampling sites, viz. Aq Gonbad (AG), Quri Gol (QG), and Amand Dam (AD) located in the suburban area as well as Tabriz sampling site (TAB) located in the urban area of Tabriz, Iran, were selected for this study. The TAB site represents urban and residential characteristics while the AD and QC sites represent suburban background characteristics and also effects of the DF on water resources. For investigating the amount of the DF affected by the Umia lake bed, the AG site was selected. The geographical coordinates and location of the sampling sites are given in Table 1 and Fig. 1 , respectively.
The DF samples containing wet and dry deposition were collected monthly (30 ± 2 days) during the spring and summer seasons at the four mentioned sampling sites during April to September 2017.
Sampling protocol
In this study, the American Society for Testing and Materials Standard Method (ASTM Method D-1739) was used to collect the DF. According to this standard, polyethylene containers (20 cm in diameter) installed at a height of 2 m from the ground to prevent the accumulation of dust from soil and particulates were applied for the DF collection. These containers consisted of a windscreen fabricated according to Figs. 2 and 3.
In order to ensure that the obtained results of the DF measurements were not affected by any interference and to eliminate any contamination of the applied equipment, all the polyethylene bottles and glassware utilized for the DF and heavy metal analysis were treated using a 20% nitric acid (HNO 3 ) bath and then were rinsed using distilled water with an 18.2 MΩcm resistivity. These containers were located at the mentioned sampling sites at the beginning of each month and after the predetermined time (30 days), the containers were closed and returned to the laboratory for analysis. The collected samples were kept at 4°C prior to analysis; and they have been extracted and analyzed immediately (up to two days after sampling).D
etermination of the dust fall (DF) concentration
The content of the sampled containers was rinsed using distilled water with an 18.2 MΩcm resistivity and then filtered using Whatman 42 white filter-paper in the laboratory. The filter papers were weighted after drying at 105°C. The filter papers and their content were placed in an oven with temperature of 105 ± 2°C for at least 2 h. The drying procedure was continued until the filter papers achieved a constant weight. It should be mentioned that the filter papers were being weighted every 0.5 h after cooling in a desiccator. The following equation was used to determine undissolved solid concentration: Fig. 2 The wind shield of DF container (a) and its plan view (b) Handmade container (c) Fig. 1 The location of the sampling sites in the study area
The filtered samples (dissolved solids passed through the filter) were transferred to a beaker. The beaker was placed on a plate hot at a temperature below 100°C until the samples were concentrated to a volume less than 50 mL. The volumes were transferred to crucible porcelains that were weighted after drying at 105°C. The used beakers were rinsed and added to the content in the crucible porcelains. The crucible porcelains were placed at 105°C until drying and reaching a constant weight and were kept for metal analysis in the next step. The following equation was used to determine dissolved solid concentration:
Dissolved solid concentration g=m2:month
C1 The primary weight of the crucible (g) C2 The secondary weight of the crucible (g)
The following equation was used to determine the DF:
.month)
Determination of the heavy metals in the DF
For analyzing the elements, the dried filters from the previous step were broken up into small pieces and digested at 170°C for 4 h in a high-pressure Teflon digestion vessel with 10 mL HNO 3 (69%), 3 mL HCLO 4 (70%), and 1 mL HF (48%). The same procedures were also carried out on the new unused filter as a blank solution. After cooling of the digestion vessel at room temperature, the solutions were dried using a hot plate at temperature of 90°C-100°C. Afterwards, 1 mL concentrated HNO 3 and 5 mL deionized water were added for the dissolving metals. In addition, the solution was used to dissolve the metals in the crucible porcelains in the previous section. The crucible porcelains and digestion vessel were rinsed and diluted using 25 mL distilled-deionized water. The obtained solutions were filtered through a micro-porous Whatman 42 filter with the pore size of 2.5 μm [17, 18] . All the elements (Al, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Se, Sr, Ti, V, Si, and Hg) were measured by inductively coupled plasma-atomic emission spectroscopy (ICP-AES, model ULTIMA, JOBIN-YVON Company, France).
Quality control
Limits of detection (LODs) were calculated by adding three standard deviations of the blank readings to the average five replicates of the blank. The LODs were obtained in the range of 0.02-0.5 μg L −1 for the studied elements. The determined detection limits, method detection limit, and recovery efficiency for the measured elements are presented in Table 2 .
Meteorological data
Wind speed, wind direction, ambient air temperature, precipitation, and relative humidity (RH) at the sampling sites were obtained from the National Climatic Data Center (NCDC) and East Azerbaijan Meteorological Organization. The obtained data were examined and processed for the missing values and used for investigation of the correlation between meteorological parameters with DF values.
Enrichment factor (EF)
The EF is one of the pollution indicators used to determine sources of detected elements, as anthropogenic or human activities. The EF is also used to assess the degree of anthropogenic influence [19] , i.e. to assess the potential strength of pollution emitting sources [10] , assess the effect of anthropogenic activities on the DF metal content, and measure the extent of non-crustal contributions to elemental concentration levels in the DF. The EF was calculated as follows [20] : Where Cx is the concentration of the element X and C Fe is the concentration of Fe as the reference element. The subscripts of the DF and crust refer to the DF samples and crustal materials, respectively. Fe, Al, or Si is usually used as the reference element; based on Table 4 , Fe had the highest elemental concentration in the DF among the determined elements and thus the EF were calculated using Fe as the reference element.
The EF values were classified into four categories. The EF values less than one indicate that the local crust and soil was the main source of elements; the EF values equal to 1-5 mean that these elements originated from sources other than the crustal soil; the EF values equal to 5-10 suggest that the anthropogenic emission was predominant; and finally, the EF values ≥10 show that a significant fraction of the elements was contributed from non-crust sources [20, 21] .
Correlation matrixes were calculated to quantify the relation between the elemental concentrations based on Pearson's correlation coefficient.
Results and discussion

Temporal and spatial variation in the dust fall (DF) rate
The results of DF rate (concentrations) at the four different sampling sites and their variation during the study period are presented in Table 3 and Fig. 3 , respectively. As is shown, the DF rate among all samples ranged between 1.77 and 27.63 g/ m 2 .month. The maximum monthly concentration of the DF belonged to May at the AG, AD, and TAB, and the highest amount of the DF equal to 27.63 g/m 2 .month was observed in the AG. Based on one-way ANOVA analysis, there were statistically significant differences (p value <0.05) between the DF values of May and other months (mean differences of May with April, June, July, August, and September were 8.4, 10.6, 8.6, 9.6, and 12.6, respectively). However, there were no statistically significant differences between the DF values at all the sampling sites. On the other hand, the minimum monthly concentration of the DF belonged to September at all the sampling sites ranging between 1.77 and 5.00 g/m 2 [24] cleared that the measured DF rate in this study was almost equal to that in other studies. However, the measured DF rate in our study was lower than the results of the study of Yari et al. in Qom, Iran, in which the mean rate of the DF was measured as 27.088 and 15.685 g/m 2 .month in April and May, respectively [25] .
This demonstrates that the amount of the DF rate is the same in many urban and suburban areas around the world, unless affected by special metrological, geographical or other conditions.
With respect to the climatic parameters of the study area during the sampling period and based on the correlation coefficients between the meteorological parameters and DF rates, i.e. wind speed, relative humidity, temperature, and precipitation, the meteorological parameters were identified as the major factors directly affecting on the DF rate in different months. The following results were obtained by calculating the correlation coefficient between the DF rate during six months and the meteorological parameters (temperature, wind speed, relative humidity, and precipitation). The calculated correlation coefficient data revealed that in the AG sampling site, the DF had a significant correlation with all the meteorological parameters (with a correlation coefficient more than 0.5), especially with the precipitation (with a correlation coefficient equal to 0.928, p value <0.01). In addition, it was shown that the DF had a significant correlation only with the precipitation (0.600) in the QG sampling site while it had a significant correlation with the wind speed (0.546) in the TAB sampling site. The results of Malakootian et al. showed that the DF rate and precipitation had a significant and direct correlation (with a correlation coefficient equal to 0.771, p value = 0.023) [8] , which is in agreement with the results of the QG and AG sampling sites obtained in this study. Other studies conducted in Yazd, Iran, in 2006 [26] as well as in the industrial city of Lukavac, Bosnia, in 2011 [27] showed a direct correlation between the DF concentration and wind speed, which is similar to the results of our study in the QG and TAB sites. The prevailing wind in the study area blew east to west and west to east during the spring and summer seasons. As shown in Fig. 1 , the study area was located around the Urmia lake bed and had no vegetation cover in the west of the TAB and AM sites as well as in the east of the QG site from the mid spring to the end of summer. Therefore, the prevailing eastern and western wind carried dust from the mentioned dry and barren areas.
Furthermore, the calculated correlation coefficient showed that the correlation between the DF rate and temperature was indirect. This finding is in contrast to the results of Norouzi et al. who stated a positive and statistically significant correlation between the monthly DF and monthly maximum temperature and also between the monthly DF and monthly minimum temperature [3] . This can be due to the effect of the above mentioned region wind speed, which is higher in spring than in summer.
Heavy metal concentrations in dust fall (DF)
The mean, standard, maximum and minimum contents of elements in the DF at the four sampling sites during the study period (based on ppb and percentage) are summarized in Table 4 and Fig. 4 . The sum of the concentrations of the analyzed elements in the DF among all the samples ranged from 10,700 to 21,800 mg kg . It was demonstrated that Fe (11863-13,906 mg/Kg and 85%-89%) and Al (858-1205 mg/Kg and 4%-8%) were respectively the most abundant detected metals among the other elements in all the samples. Additionally, the dust-borne elemental content of the DF followed the order Si > Mn > Sr > Cu > V > Pb > Ni > Co > Hg. It should be mentioned that the Se, Cd, and Ti concentrations were zero or lower than the detection limit in all the samples.
Many researches have been conducted to investigate the metal concentration in the DF around the world. For comparison of the current study with some other studies, the mean concentrations of some elements associated with the DF, which were detected in other studies, are presented in Table 5 .
With respect to the variation of the elemental concentrations of the DF in different cities around the world in Table 5 , it can be concluded that the concentration of the heavy metals in the DF strongly depended on the study and sampling location and sampling time, and also on the sampling method.
The results of some studies showed that Fe is the most abundant element among others [31, 33] ; however, some other studies revealed that the Al concentration is highest [34] . The results of the study by Huang et al. (2013) on heavy metal contamination of the DF in northern China showed that the Fe concentration in the DF samples was extremely higher than the Al concentration [31] . Moreover, the research of Balasubramanian et al. (2009) on the concentration of 13 elements (Al, As, Co, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Ti, V, and Zn) in street dust [33] revealed that the portion of elements in the DF ranged from mg kg −1 for many elements (e.g., As, Cd, V) to g kg −1 for Al and Fe. The average elemental concentrations in their studied areas followed the order of Fe > Al > Mn > Zn > Cu > Ti > Pb > Cr > V > As > Ni > Co > Cd. These results are very close to those in our study; our results indicated that the concentration of the measured elements ranged from μg kg −1 for many elements (e.g., Bb, Ni, Co, Hg etc.) to mg kg −1 for Fe.
Several researches reported that the presence of Fe, Al, and Si is mainly the result of regional soil re-suspension [35, 36] . Chew et al. (2013) reported that industrial areas tend to discharge more Al to the atmosphere in comparison with the semi-urban or residential area [5] . As seen in Table 4 , the concentration of the Al element was higher in the AD sampling site compared to the other studied areas, which can be due to the proximity of the AD sampling site to the industrial area in the region.
With respect to the elemental concentrations of heavy metals such as Mn, Cr, Ni, As, Cu, Co, and Hg contributing to the DF, no statistically significant differences were observed among the samples collected in the different months during the study period.
Enrichment factor (EF) for the studied elements
As mentioned previously, the EF was used to determine sources of the elements, assess the degree of anthropogenic influence, and measure the extent of crustal and non-crustal contributions of the elements in the DF. Fig. 4 The proportion and percentage distribution of the elemental constituents in the DF at the sampling sites
The calculated EF values for elements at the four studied sites have been separately presented in Fig. 5 . As shown in Fig. 5 , the average value of the EF for Hg, Pb, Cu, Sr, Co, Ni, Mn, and V was more than 10 at all the studied sites. The highest value of the EF for Hg, Pb, and Cu represented the anthropogenic and non-crustal sources of these elements. Anthropogenic activities such as combustion of fossil fuels and activities of different factories like cement factory lead to higher EFs [37, 38] . This may indicate that a great fraction of the dust-borne heavy metals in the study area originated from the anthropogenic sources. The lowest values of the elemental EF for Al, Si, and Fe showed the crustal sources of these elements and revealed that the mentioned elements were not enriched with heavy metals from the anthropogenic sources. The average EF value for Cr was between 1 and 5, showing that human factors such as construction and demolition activities, road dust, and industrial activities (factories, etc.) have slight effect on the Cr concentration in the DF.
Correlation coefficient (R 2 )
The correlation coefficient between the metal concentrations in the DF at the four selected sites was studied in order to predict NR Not reported Fig. 5 The EF values for the elements at the four studied sites the possibility of common sources of elements (Table 6 ). As it is clear, the high R 2 values showed significant correlation between the elements. In this study, for example, the correlations coefficient between Co and Mn at the AG, V and Mn at same source for these metals. In addition, Fig. 6 shows the correlation between Co-Mn at the AG, V-Mn at the QG, Sr- Fig. 6 The correlation between some metals (Co-Mn at the AG, V-Mn at the QG, Sr-Fe at the AD and Ni-Fe at the TAB) Fe at the AD and Ni-Fe at the TAB as an example for presentation of the correlation among the elements. At all the sampling sites, the significant correlations between Fe and Al with Cr, Pb, and Ni cleared that the major part of the elements in this area originated predominantly from the polluted soil with anthropogenic activities such as automobile exhausts and metal melting plants. Moreover, the significant correlation between Mn with Cr, Pb, V, Ni, and Co indicated that these heavy metals came from automobile exhausts and oil combustion. Each of the above mentioned elements can turn into the DF from emissions of particulate matters and exhaust gases to urban or suburban environments.
In contrast, at the TAB sampling site, Al and Si showed negative correlation and Al represented zero or weak correlation with the anthropogenic parameters such as Mn, V, and Pb, revealing that these metals are to be emitted from soil by wind-blown.
Principal component analysis of the metals in dust fall (DF)
The principal component analysis (PCA) with Varimax rotation was conducted for the metal content of the DF at the AG, GQ, AD, and TAB sites with eigenvalues exceeding 1.0 to obtain groups containing species with a similar behavior and identify their possible sources. As shown in Table 6 , three, two, three, and four principal factors were obtained for the AG, QG, AD, and TAB sites, respectively, which accounted for 90.35, 94.61, 92.79, and 100.0% of the total variance for each studied site, respectievly.
Based on Table 7 , the PCA cleared that at all the sites, the first PC showed high correlation between Al and Fe with the other elements such as Mn, Cr, V, Pb, Ni, and Co. With respect to the existing elements in this group, it was concluded that about 52%, 68%, 56%, and 36% of the heavy metals content of the DF at the AG, GC, AD, and TAB sites, respectively, originated predominantly from soil and resuspension of the polluted soil with anthropogenic activities such as automobile exhausts and oil combustion [34, 39] .
At the AG sampling site, the second PC showed the high loading of Fe, Al, and Sr with a variance of 25.4%. As mentioned previously, these elements originated from the crustal and natural soil of the region [34] . Moreover, the third important source of the elements associated to the DF of the AG was combusted with the variance of 13.3% due to the high loading of Cu.
The second PC for the QG showed the high correlation among Cr, Ni, and Hg, indicating that about 27% of the heavy metals of the DF in this area originated from the combustion sources [9, 11] .
For the TAB, the PC2 showed the high loading of Fe, Cu, and Ni, which originated from the oil combustion (the portion of 23%). In addition, the PC3 showed the high loading of Mn and Sr, which were the crustal components. The PC4 consisted of Co, which was related to transportation, road traffic and soil [40] .
Conclusions
In this study, the DF and their content of heavy metals were measured. The DF amounts in compared with the standard 1929:2011 SANS D < 18 was shown to be less than 18 g/ m 2 .month at all the sites during the study period (except the AG in May with the DF of 27.63 g/m 2 .month). Moreover, the average elemental concentrations followed the order of Fe > Al > Si > Mn > Sr > Cu > Cr > Co > V > Pb > Ni > Hg > Se > Cd > Ti in the studied areas.
Based on the measured concentration of the elements and their calculated EF and also by using the factor analysis, natural sources such as crustal and soil and also resuspension of particulate from the polluted soil, and anthropogenic sources such as industrial activities, fossil fuel combustion, and road traffic contributed a substantial amount of heavy metals to the DF.
